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results  of  these  coupling  improvement  efforts  into  a description  of  two  basic  spline 
coupling  designs  (crowned  circular  toothed  and  flat  toothed  splines),  explained  their 
apparent  success,  and  presented  limited  application  and  manufacturing  information. 

This  report  presents  a summary  of  the  new  coupling  designs  which  have  been  evaluated  or 
are  planned  for  future  tests.  Previously  unpublished  test  data  and  the  latest  applicable 
Military  Standard  Drawings  are  also  contained  therein. 


Actual  flight  operations  totaling  68,000  hr  on  10  different  drived 
designs  have  verified  the  value  of  this  new  coupling  technology. 


nonmetallic  coupling 


Hydraulic  pump  endurance  testing  indicates  that  properly  applied  nonmetalii^  spline 
adapters  can  endure  millions  of  stress  cycles. 

Air  turbine  starter  tests  have  established  that  the  low  cycle  fatigue  limit  for  the  circular 
spline  design  approaches  the  static  torsional  limit  of  the  nonmetallic  adapter. 

Wear  of  the  metal  or  plastic  coupling  parts  is  negligible  even  when  the  load  approaches 
the  torsional  limit  of  the  nonmetallic  adapter. 

Preliminary  acoustic  tests  of  a hydraulic  pump  driven  through  a nonmetallic  coupling 
demonstrated  a 9 dB  reduction  in  the  predominant  audible  frequency. 

New  applications  will  continue  to  be  tested.  Performance  standards,  an  adapter 
specification,  and  alternate  nonmetallic  material  qualification  will  be  emphasized  in 
future  programs. 

The  circular  spline  design  (U.S.  Patent  Number  3,620,043  of  16  November  1971)  has  been 
assigned  to  ARINC  Research  Corporation  with  royalty  free  rights  to  the  Department  of 
Defense.  The  other  nonmetallic  spline  coupling  design  (U.S.  Patent  Number  4,098,096  of 
4 July  1978)  has  been  assigned  to  the  United  States  Government. 
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Previous  Teclnpcal  Memoranda.,  TM  76-1  SY  and  TM  78-1  SY,  described  the 
successful  elimination  of  spline  coupling  wear  and  the  attendant^reliSbility' 
improvement  made  possible  by  new  high-strength  nonmetallic  shaft  couplings.  This 
report  presumes  a knowledge  of  the  basic  spline  coupling  mechanism,  the  factors 
leading  to  spline  wear,  and  the  design  principles  which  are  fundamental  to  the  new 
nonmetallic  coupling.  Appropriate  additional  references  are  included  in  this  report 
for  the  reader  who  wants  more  extensive  background  information  pertaining  to  the 
spline  coupling  problem. 

The  continued  and  growing  interest  in  this  new  shaft  coupling  technique  expressed 
by  the  aerospace  and  industrial  mechanical  design  community  has  resulted  in 
numerous  requests  for  additional  design,  test,  and  application  information.  This 
Technical  Memorandum  is  intended  to  provide  an  update  on  the  spline  coupling 
improvement  efforts  at  NAVAIRTESTCEN  and  to  provide  application  oriented 
design  information  as  a supplement  to  the  basic  coupling  configurations  previously 
published. 
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INTRODUCTION 


1.  Engine  driven  accessories,  such  as  generators,  starters,  and  pumps,  are 
commonly  connected  to  their  respective  power  takeoff  shafts  by  splined  couplings. 
N A VAIRTESTCEN  has  engaged  in  a continuing  spline  coupling  improvement 
program  during  the  past  11  years.  Reference  1 introduced  the  now  spline 
technology  which  resulted  from  these  efforts  and  explained  how  these  nonmetallic 
spline  couplings  may  improve  accessory  power  system  reliability.  Reference  2 
presented  additional  application  oriented  information  such  as  manufacturing  details 
and  specific  design  information.  This  report  presents  a summary  of  the  new 
coupling  designs  which  have  been  evaluated  or  are  planned  for  future  tests. 
Previously  unpublished  test  data  and  .the  latest  Military  Standard  Drawings  are  also 
contained  herein. 

BACKGROUND 

2.  Spline  couplings  have  been  chosen  by  mechanical  equipment  designers  for 
connecting  driven  accessories  to  power  takeoffs  because  of  their  ability  to  transmit 
high  torque,  their  purported  self-centering  tendency,  and  axial  freedom  of 
movement  which  eases  installation  and  removal.  However,  the  demonstrated  high 
wear  rates  of  conventional  spline  couplings  used  with  engine  driven  accessories, 
such  as  hydraulic  and  fuel  pumps,  generators,  and  engine  starters,  frequently  cause 
expensive  and  time-consuming  maintenance  or  overhaul  action  and  affect 
propulsion  system  reliability.  The  causes  of  spline  wear,  discussed  in  detail  in 
reference  1,  can  be  summarized  as  an  inability  of  the  coupling  to  adequately 
accommodate  misalignment,  a difficulty  in  maintaining  sufficient  lubrication,  and  a 
basic  susceptibility  te  the  process  of  fretting.  Additional  background  information 
on  the  application  of  spline  couplings  and  their  inherent  limitations  may  be 
obtained  from  references  3 through  7. 

3.  Figure  1 illustrates  a typical  example  of  spline  wear  as  experienced  with  an 
aircraft  hydraulic  pump.  For  comparison  purposes,  the  illustration  also  shows  one  of 
the  new  series  of  spline  couplings  which  have  demonstrated  an  immunity  to 
fretting.  The  new  couplings  require*  no  lubrication  or  periodic  cleaning  and  are 
tolerant  of  the  degree  of  misalignment  experienced  in  aircraft  accessory 
installations.  Figure  2 presents  generally  accepted  laboratory  data,  taken  from 
reference  6,  which  typifies  the  wear  behavior  of  grease  lubricated  involute  spline 
couplings  at  various  levels  of  misalignment.  In  contrast,  figure  3 illustrates  the 
benefit  offered  by  one  type  of  nonmetallic  spline  coupling.  These  data,  taken  from 
reference  8,  when  compared  with  figure  2,  illustrate  the  degree  of  wear  reduction 
provided  by  the  new  nonmetallic  spline  coupling  technique.  Examination  of 
figures  2 and  3 at  an  acceptable  wear  limit  of  0.012  in.  (0.30  mm),  for  a common 
misalignment  level  of  0.34  deg,  demonstrates  that  the  nonmetallic  spline  coupling 
will  last  56  times  as  lone  (1,400  hr  versus  25  hr)  as  the  standard  grease  lubricated 
spline  coupling.  These  typical  laboratory  tost  data  have  been  verified  by  more  than 
68,000  hr  of  actual  flight  operations  on  10  different  drive  shaft  nonmetallic 
coupling  designs.  During  these  flight  tests,  no  coupling  failures  have  occurred,  no 
periodic  maintenance  was  required,  and,  in  all  cases,  wear  of  the  nonmetallic 
elements  was  negligible.  Wear  of  the  steel  components  was  nonexistent. 
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Figure  1 

Aircraft  Hydraulic  Pump  and  Shaft  Coupling  Hardware 
Illustrating  Typically  Worn  Standard  Involute  Splines  and 
The  New  Nonmetallic  Spline  Modification 
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^ Figure  2 

Laboratory  Induced  Spline  Wear  of  Grease  Lubricated  Splines 
Showing  the  Effect  of  Spline  Coupling  Misalignment 
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Figure  3 

Laboratory  Induced  Spline  Wear  of  Unlubricated,  Internally  and 
Externally  Involute-Splined,  Polyimide  Plastic  Eushing  Showing  the 
Reduction  in  Wear  Rate 
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PURPOSE 


4.  This  report  presents  a summary  of  the  new  nonmetallic  spline  coupling  design 
applications,  contains  previously  unpublished  test  data,  and  includes  the  current 
Military  Standard  Drawings. 

SUMMARY  OF  SPLINE  COUPLING  APPLICATIONS 


5.  Twenty-two  separate  designs  have  been  produced  for  evaluation  during  the 
course  of  this  nonmetallic  shaft  coupling  program.  These  designs  can  be 
categorized  as  MS14169(AS)  circular  splines,  MS14184(AS)  flat  sided  splines,  and 
involute  splines.  Table  1 contains  information  on  each  of  the  22  applications  which 
have  been  or  are  being  evaluated  during  laboratory  or  flight  operations.  These 
designs  are  required  to  transmit  torques  from  27  in.-lb  (3  N-m)  to  greater  than 
6,000  in.-lb  (565  N-m)  and  operate  at  speeds  up  to  26,000  RPM. 

EXTERNAL  SPLINE  ADAPTER  CONFIGURATIONS 


6.  In  all  cases,  the  nonmetallic  adapters  have  been  designed  to  be  a tight  fit  in 
the  accessory  or  gearbox  splined  cavity.  This  tight  fit,  which  serves  a dual  purpose 
of  retaining  the  adapter  and  applying  a compressive  prestress,  has  been  achieved  by 
incorporating  oversized  flat  sided  splines  on  the  outside  of  the  adapter.  Two 
different  methods  of  obtaining  this  fit  have  been  used  and  are  illustrated  in 
figure  4.  The  primary  difference  between  the  two  methods,  side  fit  with  root 
clearance  and  saw  slots  and  side  fit  with  no  root  clearance,  reflects  the  need  to 
limit  installation  forces  on  the  larger  diameter  adapters.  Consequently,  the  saw 
slots  were  added  and  the  root  clearance  increased  in  the  MS14169(AS)  design  to 
limit  the  axial  force  necessary  to  press  the  adapter  into  its  mating  splined  cavity. 
The  external  spline  geometry  of  the  smaller  MS14184(AS)  adapters  has  been 
carefully  selected  to  limit  the  axial  installation  force. 
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INTERNAL  SPLINE  ADAPTER  CONFIGURATIONS 

7.  The  internal  splines  are  circular  in  cross  section  for  all  generators,  constant 
speed  drives  (CSD’s),  and  most  starters.  However,  the  proposed  F/A-18  starter 
nonmetallic  coupling  design  will  use  an  involute  spline  profile  since,  in  this  case, 
the  torque  capacity  is  considered  of  greater  importance  than  misalignment 
capability.  Some  additional  involute  designs  have  been  produced  for  applications  in 
which  compatibility  with  existing  hardware  and  tooling  is  the  major  concern.  The 
hydraulic  pump  coupling  designs  have  used  the  flat  sided  internal  spline  design  in 
accordance  with  MS14184(AS).  In  most  cases,  this  profile  has  a greater  torque 
capacity  than  the  closest  standard  involute  design.  Finally,  because  of  the  wide 
variety  of  fuel  pump  spline  sizes,  circular  splines,  as  well  as  involute  splines,  have 
been  proposed  for  fuel  pump  applications. 

TACHOMETER  GENERATOR  SQUARE  DRIVE  SHAFT 


8.  One  notable  exception  to  the  spline  coupling  configurations  described  above  is 
included  in  the  summary  presented  in  table  I,  The  2CM9ACF  tachometer  tests, 
which  are  applicable  to  all  T-56  engine  installations,  have  been  conducted  on  shafts 
built  in  accordance  with  figure  5,  In  the  strictest  sense,  this  shaft  coupling  is  not  a 
splined  coupling.  Furthermore,  the  nonmetallic  bushing  used  here  is  designed  to  fit 
loosely  into  the  matching  gearbox  shaft  cavity  and  is  bonded  to  the  tachometer 
shaft  using  an  epoxy  adhesive.  However,  since  it  is  a type  of  nonmetallic  coupling, 
it  is  included  in  the  summary  for  completeness.  Three  different  coupling 
configurations  have  been  used  in  the/rJ""56  engine  driven  tachometer  generator: 

steel  shaft,  steel  shaft  with  NYLON®  bushing,  and  steel  shaft  with  VESPEL® 
bushing.  The  latter  two  designs  are  being  compared  in  flight  tests  in  the  EC- 130 

aircraft  to  determine  if  the  additional  VESPEL®  strength  will  eliminate  the 

observed  tendency  of  the  NYLON®  to  cold  flow  and  ultimately  fail.  Prior  flight 

experience  demonstrated  that  the  NYLON  ^bushing  prevents  the  fretting  wear  of 
the  square  drive  and  mating  gearbox  shaft  cavity  experienced  with  the  original  all 
steel  shaft  coupling. 
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NOTES: 

1,  MATERIAL- VESPELSP-1 

2,  BUSHING  ATTACHED  WITH  ECC080N0  104  EPOXY  ADHESIVE 
CURED  FOR  6 HOURS  AT  250°  P. 


METRIC  CONVERSION 
I In  • 25,4  mm 


Figure  5 

Engine  Driven  Tachometer-Generator  Illustrating  the 
NonmetalUc  Square  Drive  Bushing  Installation 
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SUMMARY  OF  RECENT  TEST  RESULTS 


9*  The  evaluation  of  the  22  separate  designs  generally  has  led  to  or  will  result  in 
separate  NAVAIRTESTCEN  Reports  of  Test  Results  giving  the  details  of  each 
design  test  program.  References  9 to  17  present  the  specific  results  from  some  of 
these  coupling  test  programs.  The  information  presented  below  is  contained  herein 
because  it  is  of  general  interest,  illustrative  of  the  nonmetallic  coupling  capability, 
and,  in  some  cases,  is  previously  unpublished. 

CH-53E  HYDRAULIC  PUMP  FATIGUE  TEST 


10.  Figure  6 shows  a test  setup  used  to  subject  drive  shafts  to  largo  numbers  of 
cyclic  torque  loads.  The  apparatus  consists  of  an  aircraft  electrical  starter  which 
drives  the  tost  specimen  through  a torque  transducer.  One  end  of  the  test  shaft  is 
locked  so  that  it  cannot  rotate.  The  other  end  of  the  tost  sample  is  twisted  in  a 
controlled  torque  application  produced  by  energizing  the  electrical  starter  from  a 
regulated  current  source.  Candidate  design  shafts  and  nonmetallic  adaptors  are 
subjected  to  repeated  load  cycles  in  this  .apparatus  to  determine  their  torsional 
fatigue  strength,  hi  the  case  of  the  CK'53E  hydraulic  pump  drive  shafts,  various 
configurations  of  nonmetallic  coupling  shafts  and  adapters  were  fatigue  tested  to 
achieve  the  maximum  strength  possible  in  a 0.6875  in.  (17.5  mm)  pitch  diameter 
(P.D.)  application.  A sample  trace  of  load  cycles  applied  to  prototype  CH-53E 
hydraulic  pump  drive  shafts  is  shown  in  figure  7.  The  torque  peak  of  85  ft-lb 
(11.5  N-m)  is  followed  by  a damped  oscillation  caused  by  the  release  of  stored 
energy  in  the  twisted  shaft  when  the  starter  electrical  current  is  interrupted.  The 
selected  CH-53E  shaft  design  was  subjected  to  30,000  such  torque  application 
cycles  (not  counting  the  negative  torque  peaks  or  damped  oscillations)  without 
failure.  The  CH-53E  pump  spline  test  coupling  is  illustrated  in  figures  and 
conforms  to  the  requirements  of  MS14184(AS). 
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AIRCRAFT  STARTER 


AOAPTER  FIXTURE  TORQUE  TRANSDUCER 


Figure  6 

Shaft  Torsional  Fatigue  Test  Apparatus  Using  an 
Aircraft  Electrical  Starter  as  the  Prime  Mover 
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TORQUE -ft-fo 


CHART  SPEEO  50  nwi/sec 


METRIC  CONVERSION 
1 ft -lb  - 1.356  N m 


Figure  7 

Typical  Torsional  Load  Cycles  Applied  to  Tost  Shaft 
Couplings  During  Shaft  Torsional  Fatigue  Evaluations 


11 


TM  79-1  SY 


0.800  in.P.O. 
SPLINE  ADAPTER 


/JpAV  -- 

MS14184  (AS) 

0.6875  in. P.D.  | 

liiiliiii 

DRIVE  SHAFT 

SPLINE  ADAPTER  j 

7s 

METRIC  CONVERSION 
1 in.  = ?.5.4  mm 


Figure  8 

Proposed  Aircraft  Hydraulic  Pump  Nonmetallic 
Shaft  Couplings  as  Tested  for  the  CH-53E 


CII-53E  HYDRAULIC  PUMP  SHAFT  ENDURANCE  TEST 


11.  Following  successful  completion  of  the  shaft  fatigue  test,  the  proposed 
C11-53E  hydraulic  pump  was  equipped  with  a second  identical  shaft  test  sample. 
The  pump  was  installed  in  the  test  configuration  shown  in  figure  9,  and  the 
hydraulic  circuit  was  connected  in  accordance  with  figure  10.  During  400  hr  of 
operation,  the  pump  was  automatically  loaded  and  unloaded  in  a simulation  of  the 
expected  CH-53E  operating  scenario.  Pump  loads  were  varied  throughout  the  test 
at  a rate  of  3 Hz  since  the  aircraft  automatic  flight  control  servo  system  is 
expected  to  vary  its  demand  at  that  average  rate.  Figure  11  shows  the  actual 
recorded  load  profile.  In  addition  to  the  profile  shown,  the  pump  was  stopped  and 
restarted  (accelerated  to  3700  RPM)  100  times  to  simulate  the  interval  between 
flights.  In  figure  12,  the  recording  speed  was  increased  so  that  individual  load 
cycles  could  be  defined.  Drive  shaft  torque  can  be  observed  to  vary  from  15  to 
36  ft-lb  (20  to  49  N-m)  during  the  "normal"  servo  load  condition  of  4 to  11  GPM 
(0.2  to  0.7  1/s).  During  startup,  the  pump  drive  shaft  torque  increased  to  a peak  of 
66  ft-lb  (89.5  N-m)  at  which  point  the  automatic  pump  piston  stroke  control 


% V* 
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reduced  the  torque  load  to  the  15  to  36  ft-lb  (20  to  49  N-m)  range.  A sample  start 
trace  showing  this  condition  is  presented  as  figure  13.  At  the  end  of  the  400  hr  test, 
the  shaft  was  removed,  visually  inspected,  and  magnafluxed.  The  appearance  of  the 
shaft  had  not  changed  and  no  cracks  were  found.  The  adapters  showed  very  little 
deformation,  no  apparent  wear,  and  had  a polished  appearance  in  the  shaft  boras. 
The  0.6875  in.  (17.5  mm)  P.D.  pump  spline  adapter  had  cracked  longitudinally  at 
three  of  the  thin  sections  between  the  external  teeth  as  shown  in  figure  14.  Cracks 
of  this  nature  do  not  significantly  affect  the  strength  or  wear  life  of  the  adapter 
since  the  adapter  is  restrained  by  the  enveloping  outer  shaft  spline.  An  attempt  was 
made  to  break  the  shaft  to  check  the  shear  section,  but  the  internal  teeth  of  the 
0.6875  in.  (17.5  mm)  P.D.  adapter  failed  at  183  ft-lb  (248  N-m).  A second  attempt 
was  made  using  a 0.800  in.  (20.3  mm)  P.D.  adapter  at  each  end  of  the  shaft.  This 
adapter  with  its  slightly  longer  internal  splines  failed  at  201  ft-lb  (272  N-m).  No 
attempt  was  made  to  break  the  shaft  without  the  adapters  because  it  was  felt  that 
uniform  loading  on  the  shaft  teeth  could  not  be  obtained  by  other  mean‘s  It  should 
be  noted  that  during  the  400  hr  test,  the  shaft  was  subjected  to  4.3  X 10  torsional 
load  cycles. 
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<T) 


0.525/0,520 In  O.O.SPIINEO  SHAFT 


METRIC  CONVERSIONS 

1 In  « 25.4  mm 
1 ptl  ■ 6.8948  kf« 
t gtl/mln  ■ 6.3088X10  ' l/j 


Figure  10 

CH-53E  Hydraulic  Pump  Endurance  Test  Diagram  Showing  the 
Relationship  of  the  Various  Hydraulic  Components 
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12.  During  the  course  of  testing  the  CH-53E  pump  drive  shaft,  various  technicians 
commented  that  the  pump  ran  audibly  quieter  with  the  nonmetallic  coupling  than 
with  the  standard  steel  drive  shaft  coupling.  Consequently,  at  the  end  of  the 
endurance  test,  acoustic  measurements  were  made  using  a tripod  mounted,  noise 
intensity  meter  as  shown  in  figure  15.  These  measurements  were  taken  after  all 
other  rotating  or  noise  producing  equipment  (except  for  the  pump  drive  stand)  was 
shut  down  to  minimize  the  background  noise.  Furthermore,  the  noise  data  were 
recorded  with  the  pump  driven  through  the  steel  shaft  and  also  through  the 
nonmetallic  coupling  configurations  twice  to  verify  that  the  acoustic  signature  s 
were  repeatable.  Figure  16  gives  the  results  of  this  test.  The  acoustic 
measurements  were  significantly  lower  when  the  pump  was  driven  by  the 
nonmetallic  coupling.  The  most  noticeable  noise  reduction  of  9 dB  occurred  at 
500  Hz,  which  is  in  the  frequency  range  of  normal  conversation.  The  frequency  of 
the  peak  noise  level  corresponds  to  the  frequency  generated  by  the  product  of  the 
nine  pistons  and  the  rotational  rate  of  62  Hz  (3,720  RPM).  Torque  measurements 
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shown  in  figure  17  were  also  taken  with  the  standard  steel  shaft  and  with  the 
nonmetallic  coupling.  A comparison  of  the  torque  measurements  at  four  different 
pump  test  conditions  indicates  that  the  nonmetallic  adapter  dampens  the  inherent 
pump  torsional  oscillations  and  may  in  turn  dampen  the  pressure  pulsations 
generated  by  each  piston.  This  damping  is  suspected  as  the  cause  of  the  noise 
reduction. 


GENERAL  RADIO  COMPANY 
MODEL  NO.  1933 
PRECISION  SOUND  LEVEL 
METER  AND  ANALYZER 


Figure  15 

Location  of  the  Acoustic  Measurement  Equipment  with  Respect  to  the 
CH-53E  Hydraulic  Pump  and  Drive  Stand 
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Figure  16 

pariscm  of  Octave  Band.  Analysis  of  Acoustic  Data  Recorded  -with 
[-53E  Hydraulic  Pump  Driven  Through  a Standard  Steel  Involute 
Coupling  and  Through  a Nonmetallic  Coupling 
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AIR  TURBINE  STARTER  TESTS 


13.  Recent  test  of  air  turbine  starters  equipped  with  MS14l69(AS)  circular  splines 
have  demonstrated  the  design's  resistance  to  low  cycle  fatigue.  The  T-56  engine  air 
turbine  starter  listed  in  table  I as  the  P-3,  A-24  starter  was  subjected  to  1200,  61 
ft-lb  (82.7  N-m)  engine  start  cycles  during  laboratory  tests  at  the  Naval  Air 
Propulsion  Center  (NAVAIRPROPCEN),  Trenton.  Following  the  start  cycles,  the 
starter  was  motored  at  14,000  RPM  for  1,000  hr  to  simulate  the  over-running 
condition  experienced  during  flight.  The  nonmetallic  coupling  was  in  excellent 
conditions  at  the  end  of  the  test,  exhibiting  a minor  amount  of  wear/deformation  as 
shown  in  figure  18. 


IN  SPLINE  ADAPTER 


STAR1FR  DRIVE  SHAFT 


Figure  18 

T-56  Engine  Air  Turbine  Starter  Nonmetallic  Coupling  Components 
Following  1200  Start  Cycles  and  1000  Hr  Continuous  Operation  at 

14,000  RPM 
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H A similar  tost  of  the  F-14,  A-Z8  air  turbine  starter  with  an  equivalent  circular 
^>hno  was  loss  successful.  The  F-14  starter  was  subjected  to  1200,  450  (TZ 
(6  O N-m)  engine  start  cycles  at  NAVAIRPROPCEN.  The  nonmctallic  counline 
exhibited  no  cracks  and  minimal  deformation  when  examined  after  497  starts^ 
However,  when  examined  after  1200  start  cycles,  the  nonmctallic  adapter  showed 
sow  re  deformation  with  cracks  underlying  the  internal  teeth.  The  condition  of  this 
?*PlCr'S  S.ho'V",'n  f,Ruro  19  (takon  following  the  1200  start  cycles).  The  results  of 
limit  fo  iil,r1n0  St,art°r  ?°nm0ta,,iC  Sp,inG  modification  indicate  the  upper 

m Sr  the ’To8!"  cLViH  ^ .SPlinC*,It  Sh°Uld  bG  n°t0d  that  thG  Static  ‘^sional 

567  ft-u>  zps  :r,rr,5  * 

- wiih  * — — 


CRACK  UN0ER 
INTERNAL  SPLINE 


SEVERE  PLASTIC 
0EF0RMATI0N 


Figure  19 

Nonmctallic  Adapter  Damaged  During  1200  Cycles  of  the 
F-14  Engine  Air  Turbine  Starter 
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ADDITIONAL  NONMETALLIC  SPLINE  ADAPTER  DATA 


15.  Ultimate  torsional  strength  data  are  being  compiled  for  various  sizes  and 
combinations  of  the  MS14l69(AS),  MS14184(AS),  and  certain  special  nonmetallic 
adapters.  Table  II  presents  the  available  data  for  the  configurations  which  have 
been  tested.  The  listed  ultimate  torsional  strengths  result  from  measurements  of 
the  static  torsional  stress  which  causes  failure  of  the  nonmetallic  adapter  at  room 
temperature.  In  some  cases,  the  failure  is  characterized  by  fracturing  at  the  base 
of  the  internal  spline  teeth.  In  other  cases,  the  failure  exhibits  the  appearance  of 
excessive  slip  and  compressive  deformation.  Figure  20  illustrates  these  two  types 
of  adapter  failure.  In  general,  the  type  of  failure  appears  to  be  due  to  the  way  the 
torque  load  is  transposed  to  shear  and  compressive  stresses  by  the  spline  geometry 
of  the  nonmetallic  part.  Figure  21  shows  that  the  torque  load  results  in  substantial 
shear  stress  in  the  circular  spline,  whereas  the  compressive  stress  predominates  in 
the  flat  sided  or  involute  shaped  splines.  Consequently,  in  the  circular  spline, 
slippage  and  compressive  deformation  should  predominate,  whereas  fracture  of  the 
internal  splines  should  predominate  in  the  flat  sided  and  involute  teeth.  Figure  21 
also  contains  various  design  parameters  which  indicate  the  relative  merits  of  the 
three  different  spline  shapes.  The  product  of  the  number  of  teeth  (N)  times  the 
area  per  unit  length  (A)  gives  the  total  spline  load  bearing  area  (N-A).  This  area 
has  been  maximized  in  the  MS14184(AS)  flat-sided  splines  at  the  expense  of  the 
steel  inner  shaft  strength.  The  reduction  in  the  steel  inner  shaft  strength  is  due  to 
the  relatively  deep  root  diameter  of  the  flat-sided  splines.  Thf.s  analysis  indicates: 

a.  MS14l69(AS)  circular  splines  should  be  used  for  moderate  torque  load 
applications  in  which  misalignment  due  to  tolerance  stackup,  overhung 
moment,  and  flight  dynamics  is  probable. 

b.  MS14184(AS)  flat-sides  splines  should  be  chosen  when  per-unit-area  load 
must  be  minimized  to  limit  wear  due  to  high  frequency  cyclic  loads,  when 
misalignment  is  not  severe,  and  when  the  relatively  weaker  inner  shaft  will 
provide  an  adequate  safety  margin. 

c.  Involute  splines  with  nonmetallic  adapters  should  be  used  when  the  steel 
inner  shaft  is  severely  limited  in  diameter  relative  to  the  transmitted 
torque  load  making  use  of  the  circular  or  flat-sided  splines  impractical. 
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Table  H 

Ultimate  Static  Torque  Load  for  Various  Nonmetailic 
Adapter  Configurations  (Room  Temperature  Performance, 
Values  in  ft-lb) 


Sample  Length  (in.) 


Test  Sample  Type 
(VESPEL  SP-1  Material) 

.375 

Other 

MS14169(  AS) 

Size  3/4 

Size  1 

68-72 

205  (CALC) 

137 

(.250) 

MS14184(  AS) 

(1)  Outside  (2) 
PD'1'  DPU/ 

t(3>  toaid%D(4) 

.6000 

20/40 

6 .450 

84 

.6875 

16/32 

6 .450 

75-81 

.6875 

16/32 

8 .525 

108-109 

.8000 

20/30 

8 .525 

111 

183 

(.700) 

.8000 

20/40 

8 .525 

109-113 

201 

(.800) 

.8000 

20/40 

8 .615 

SPECIAL 

Outside 

Inside 

MS14169 

Size  3/4 

8T  .525  FD  MS14184 

94-98 

211 

(.750) 

MS14169 

Size  3/4 

8T  .615  FD  MS14184 

124 

MS14169 

Size  1 

MS14169  Size  3/4 

62 

MS14169 

Size  1 

16T  .800  PD  20/30  IN  VOL 

190  (CALC) 

127 

(.250) 

11T  .4583  PD 

11T  .275  PD  40/80  IN  VOL 

22  (CALC) 

19 

(.325) 

21T  .8750  PD 

6T  .450  FD  MS14184 

64 

21T  .8750  PD 

8T  .615  FD  MS14184 

125 

MS14184 

8000  20/30 

MS14169  Size  3/4 

79 

NOTES:  (1)  PD  indicates  Pitch  Diameter  in  inches. 

(2)  DP  indicates  Diametral  Pitch. 

(3)  T indicates  the  Number  of  Teeth. 

(4)  FD  indicates  the  Form  Diameter  in  inches. 
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MILITARY  STANDARD  DRAWINGS 

•»*  8-metty  and 
(20.3  mm)  16  tooth,  L200  in  f30  5 . *2e8  Whic,h  repIace  the  0.800  in. 

involute  spline  couplings.  MS14184(AS)  °oth»  a«d  1.625  in.  (41.3  mm)  26  tooth 
different  flat-sided  spline  counlino  k-  ° ^,ns  Slimlar  data  describing  six 
(15.2  mm)  12  tooth,  0.6875  in.  (17 .5  mm)°ll  "“f*  rePlace  the  0.600  in. 

involute  spline  couplings.  Appendix  A rnnta  °°  h’  °’S00  (20,3  mm)  16  tooth 

ASMS  and  aW,  published  jTSStS? 
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CONCLUSIONS 


17.  Actual  flight  operations  totaling  68,000  hr  on  10  different  drive  shaft 
nonmetallic  coupling  designs  have  verified  the  value  of  this  new  technology. 

18.  Hydraulic  pump  endurance  testing  indicates  that  properly  applied  nonmetallic 
adapters  can  endure  millions  of  stress  cycles. 

19.  Air  turbine  starter  tests  have  established  that  the  low  cycle  fatigue  limit  for 
the  circular  spline  design  approaches  the  static  torsional  limit  of  the  nonmetallic 
adapter. 

20.  Wear  of  the  metal  or  plastic  coupling  parts  is  negligible  even  when  the  load 
approaches  the  torsional  limit  of  the  nonmetallic  adapter. 

21.  Preliminary  acoustic  tests  performed  on  a hydraulic  pump  equipped  with  a 
nonmetallic  spline  coupling  determined  a 9 dB  reduction  in  the  predominant  audible 
frequency. 

PLANS 


22.  New  applications  will  continue  to  be  examined  during  laboratory  and  flight 
tests. 

23.  Future  programs  will  emphasize  the  establishment  of  nonmetallic  coupling 
performance  standards,  preparation  of  a nonmetallic  adapter  military  specification, 
and  the  qualification  of  alternate  nonmetallic  materials. 
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NONMFTALUC  spline  coupling  military  standard  drawings 


NONMETALLIC  SHAFT-COUPLING  DETAILS 
ENGINE  DRIVEN  ACCESSORIES 
8 SEPTEMBER  1978 
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NO.  OF 
TEETH 

MAJ. 

DIA. 

A 

ROOT 

DIA. 
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ROOT 

WIDTH 
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OVEP  2 
WIRES 

DIA 
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WIRE 

DIA 
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LNCACM'T 

LENGTH 

MIN. 
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0.445 

NA 

NA 

0.6953 

0.6928 
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0.067 
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REQUIREMENTS 


1.  SF11NES.  KALE  SHAFT  SPLINES  SHALL  HAVE  A HINIHUM  SURFACE  HARDNESS  OF  3*  ROCKVELL  C 
TO'TTKJNIKVM  case  DEPTH  OF  0.03>  inches 

2.  MATERIAL  SELECTION.  THE  FUSTIC  SFLINED  BUSHING  SHALL  BE  FABRICATED  FROM  HIGH  STRENGTH. 
SrDm'l’RKXTTKTTOLmRIC  MATERIALS  HAVING  ULTIKATE  COMPRESSIVE  STRENGTHS  OF  A MINIMUM 
OF  28,000  FS1 . TYPICAL  MATERIALS  INCLUDE  THE  POLY1H1DE.  ARAM1D  AND  POLYAMIDE* IMIDE 
RESINS,  BELONGING  TO  THE  DITONT  VESPEL  AND  AMOCO  TORLON  FAMILIES.  THE  PROCESS  OF 
MATERIAL  SELECTION  SHOULD  CONSIDER  STRENGTH,  FATIGUE  AND  AGING  PROPERTIES.  FLUID 
COMPATIBILITY.  THERMAL  EXPOSURE,  DIMENSIONAL  STABILITY.  AND  FORMING  PROPERTIES 

3.  SHEAR  SECTION  THE  SHAFT  SHALL  INCLUDE  A SHEAR  SECTION  ALLOWING  THE  SHAFT  TO  SHEAR  AT 
THrTOKQrrTTlClFlED  BY  THE  SPECIFICATION  FOR  THE  ACCESSORY  EQUIPMENT 


1,  DIMENSIONS  ALL  LINEAR  DIMENSIONS  ARE  IN  INCHES  EXCEPT  ROUGHNESSES  WHICH  ARE  IN 
fTOHJTKCRtS 

2.  APPLICATION  THE  SPECIFIED  BUSHINGS  MAY  BE  USED  ONLY  WITh  INVOLUTE  SPLINES  HAVING  30 
OtC*irTKrSSURE  ANGLES 

3 FINISH  ALL  BURRS  AND  SHARP  EDGES  SHALL  BE  REMOVED 

A-  APPLICATION  AND  INSTALLATION  THIS  COUPLING  IS  DESIGNED  TO  BE  USED  AT  THE  INTERFACE  Or 

output  shaft  of  the  aircraft  engine  drive  pad  without 

MODIFICATION  OR  REFUCEMEST  OF  THE  EXISTING  FEMALE  OUTPUT  SHAFT  THE  FEMALE  SHAFT  SFLINE 
SHALL  BE  THROUGHLY  CLEANED  TO  REMOVE  SEDIMENT  AND  GREASE  BEFORE  INSTALUTION  OF  THE  BVSHINC 
THE  DESIGN  RESULTS  IN  AN  INTERFERENCE  FIT  OF  THE  BUSHINC  INTO  THE  INVOLUTE  SPLINE  AND  A 
SLIDING  TIT  OF  THE  NEW  ACCESSORY  SHAFT  INTO  THE  BUSHING. 


r**“  NAVY  - AS 
CiR*«  G*»t 


| Moa*r«fNt  va(c^k:ation  j 


nov r- all ic  sKAr;.covn:'r  details 

ENGINE  DRIVEN  ACCESSORIES 


millllr  STAHDAID 

MSI4I84(AS) 


«»»OYto  8.  SEPT  t978«e»ttgp 


TM  79-1  SY 


HD  *ur  ClASt 

•ns 

METRIC  CONVERSION 

1,00  in.  * 25,4  mm 


,12  R NOMINAL 


CIRCULAR  SPLINE 


SPLINE  DESIGN  DATA 


MS  1C 
SIZE 

no  or 

ULTM 

SPUN! 

DlA 

A 

PORN 

DlA 

8 

ROOT 

DlA 

PAX 

C 

TOOTH 

RADIUS 

D 

CROWN 

RADIUS 

r 

SPLINE 

LENGTH 

r 

SHAFT 

DlA 

MAX 

0 
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H 
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DISTRIBUTION: 

? 

I 

! 

NAVAIR  (AIR-00  X) 

(1) 

i 

NAVAIR  (AIR-01  A) 

(1) 

| 

NAVAIR  (PMA-231) 

(1) 

* 

NAVAIR  (PMA-234) 

(1) 

k 

NAVAIR  (PMA-235) 

(1) 

NAVAIR  (PMA-240) 

(1) 

NAVAIR  (PMA-244) 

(1) 

• 

NAVAIR  (PMA-253) 

(1) 

» 

i 

NAVAIR  (PMA-255) 

(1) 

j 

i 

| 

NAVAIR  (PMA-256) 

(1) 

i 

NAVAIR  (PMA-257) 

(1) 

t 

NAVAIR  (PMA-261) 

(1) 

s 

NAVAIR  (PMA-265) 

(1) 

i 

NAVAIR  (AIR-03) 

(1) 

i 

NAVAIR  (AIR-330) 

(1) 

! 

NAVAIR  (AIR-340) 

(1) 

* 

NAVAIR  (AIR-04) 

(1) 

j 

NAVAIR  (AIR-05) 

(1) 

| 

NAVAIR  (AIR-510) 

(1) 

! 

t 

NAVAIR  (AIR-520) 

(1) 

i 

NAVAIR  (AIR-530) 

(1) 

NAVAIR  (AIR-536) 

(1) 

| 

NAVAIR  (AIR-5364) 

(1) 

| 

NAVAIRTESTCEN  (CT02) 

(1) 

■ 

NAVAIRTESTCEN  (CT84) 

(1) 

NAVAIRTESTCEN  (CT08) 

(1) 

NAVAIRTESTCEN  (SY01) 

(1) 

NAVAIRTESTCEN  (SY02) 

(1) 

NAVAIRTESTCEN  (SY03) 

(1) 

NAVAIRTESTCEN  (SY04) 

(1) 

1 

i 

NAVAIRTESTCEN  (SY41) 

(1) 

; 

l 

NAVAIRTESTCEN  (SA01) 

(1) 

i 

NAVAIRTESTCEN  (RW01) 

(1) 

NAVAIRTESTCEN  (AT01) 

(1) 

j 

NAVAIRTESTCEN  (TP01) 

(1) 

NAVAIRTESTCEN  (TSOI) 

(1) 
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